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PRELIMINARY TESTS OIT THE VAPORI Z ATI Oil OP FUEL SPRAYS 

By A. M. Rothrock 

SULIIiARY 

High-speed motion pictures were tal:en of fuel sprays 
injected into the combustion chamoer of the II.A.C.A. com- 
bustion appar.atus . Three fuels, ethyl alcohol, gasoline, 
^and fuel oil, which differed con si der a.bly in volatility 
were tested. By maintaining the encTine temrjerature "below 
tha-t reqtiired for ignition the spray could bo studied from 
soon after the start of injection until 130 crank de^^rrees 
later. The results show that the spra,ys- vaporize appre- 
ciably so that it is possible for the ignition in high- 
speed compression-ignition engines to ti^]<:e place from t'lo 
vapor phase. 

IITTRODUCTIOIT 



Preliminary results obtained with the II.A.C.A. com- 
bustion apparatus (reference l) indicated that there was 
marked vaporization of the fuel during and following its 
injection into highly heated and dense air. As this phe- 
nomenon should have an appreciable effect on the combus- 
tion of the fuel, particularly under the conditions which 
cause combustion shock,' a series of tests was outlined to 
investigate fully the vaporization of the fuel spray. The 
purpose of this note is to present the first restilts ob- 
tained in these tests. The note is to bo followed by a 
report which v;ill discuss the vaporization and its effect 
on combustion in more detail. 

METHODS AlTD APPARATUS 

The N.A.C.A. combustion apparatus was ^ised in. the in- 
vestigation. The apparatus consists of . a single-cylinder' 
test engine and an injection system together with a high- 
speed motion picture apparatus. The compression ratio of 
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the enf;ine is 15.8:1. /The -sides of the ;combusti on chan- 
"ber of tho engine are formed "by glass windows through 
which the photographs are taken. In the operation of the 
ap;oaratus the engine is driven 'at the desired speed by an 
electric motor. By r.ieans of a suita,ble clutch a single 
charge of fiiel is injected into ,the combustion chamber of 
the engine during the compression stroke or the first part 
of t/-.e expansion stroke. At the same time that the in- 
jection is taking place high-speed motion pictures a.re tak- 
en of the fuel spray. In the present series of tests 13 
pictures were taken at the rate of 1,000 per second, Tho 
photographs were timed rela,tive to tho po si t i on . .of • the 
crankshaft of' the engine by means oi an electric spark,. . 
The temperature of tlie glycerin circulated in the heads, 
and cylinder jacket of the engine was maintained at 100^-?. 
taror.ghout the tests. so that com.busticn of the injected.- 
fuel would. not take place. Consequently, at the engine 
speed used in these tests, 1,500 r. p.m., the physic?.l 
changes in the qt at e • of the fuel could be studied over a,n 
int.orva^l of 130 crank degrees. • 

Tne injection pressure was 4,000 pounds per.sqtiare 
inch, the injection valve opening pressure 4,000 pounds 
per soiiare inch, and the initial pressure in the injection 
line before injection 1,000 pounds per square inch. 

DISCUSSION .-AlTD TEST RESULTS 

Ethyl alcohol, gasoline, and fuel oil were used in. 
tho present tests. T--ose fuels v/ere- chosen because they 
differed considerably in volatility. (See fig. 1.) If 
the fuels did vaporize in the combustion chamber of the 
engine, the point at Wxiich the condensation of the vapor 
occurred should vary considerably depending on the boil-- 
ing point or boiling range of the fuelo Proof of this is 
shown in figures 3, 3, and 4. An examination of the fig- 
ures shows that as the fuel came into the combustion cham- 
ber t.-e silhouette of the spray was recorded on the photo- 
graphic film. The spray' then disappeared, or tended to 
di sa-,.jpear , following the cut-off of injection. Some time 
after top center the fuel which had vaporized condensed, 
blocking out th.e light from the spark . di schargp s so that 
no light, or very little, was recorded on the photographic 
film. On each figure a line has been- drawn through all 
the records to indicate, top center. A second line has been 
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drawn through the l.a^s.t photo{:;raph a.fter top center in 
which no fuel appear ed with inj ecti on starting at 50^ or 
40^ beforq top center. It will "be noticed that the sparl: 
di schar ge.s were retarded so that the first photograph was 
ta-ien near or at the end of injection. This wa,s done so 
that a longer interval on the expansion stroke could be 
s tudi ed , 

When ethyl alcohol was used, the vaporization was 
quite complete as indicated hj^ the clear. imaf'.:es of the 
combustion chamber following injection. The condensation 
took place between 50*^ and 60-^ .after top- center, the ex- 
ac.t time depending, somewhat on the injection advance an- 
gle (I, A, A.). With injection starting at 50 before to"^ 
center the vaporization was practically completed ab 10 
before top center as is indicated by the clea,r pho 1 0;P:r aphs 
of the image of the combustion chamber. Particularly note- 
worthy is. .the sp'q.ed with which the condensation took place 
as is shown . by, the ; sudden blockincg out of the light from 
the condenser discharges betTveen 55 and 50^ after top 
center. The same is true with injection starting at 40^ 
before top center, With injection starting at 30*^, 30^, 
and 10*^ before top c ent er-.- and at-- t op center the condensa- 
tion becomes less rapid, as is indicated by the photon- 
graphs in which some of the condensate is shown althou:^;h 
the light., is not compl e t ely^ blocked out, . 

With gasoline clear images of the combustion chamber 
were' also' obtained, indicating that vaporization, must 
still have been qtiite complete although the condensation 
wa-s less rapid. Condensation occurred, howevor, earlier 
in the expansion stroke (at 42 after top center). With 
injection starting at 80^ and 70^ before top center the 
photo^rraphs show that the fuel spray diffused, almost 
filling the chamber, and then va.porized, condensing on the 
e xp an s i o n stroke. 

With the fuel oil the vaporization was less rapid and 
the condensation occurred still earlier in the stroke (at 
27^ after top center with injection starting at 50 before 
top center) . In no case was the vaporization complete 
with injection starting between 40 before and at top cen- 
ter. With injection starting at 50^ before top center the 
fuel diffused completely throufch the chamber, blocking out 
all the light, and then vaporized. 



A comparison of all the figures shows that, under 
the conditions of operation of high-speed compression- 
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ignition engines, fuel sprays , will vapori?o during and 
following their injection into the engin'c and that this 
vaporization take$ place even though the t on;;^eratur e in 
the engine Is not sufficient to catise cpmous t i on , 

CONCLUSIOIIS 

■". The test results presented show that-' fuel sprays .in- 
jected into the combust i on • chamher of a c ornpr e s si on-igni - 
tion engine vaporize appreciably so that the combustion 
can proceed from the, vapor phase instead of from the liquid 
pha.se ♦ . . . 

Langley Memorial Aeronautical Laboratory, 

ITational Advisory Committee for Aeronautics, 
Langley Field, Va^ , January 21, 1932.- 
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Fig. 1 Distillation curves of fuels tested. 
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Fig. 2 Vaporization of ethyl alcohol* Engine r.p.m.,1500. Engine temperature, lOQOF. 
Fuel quantity, 0.00025 pound. Discharge- orifice diameter, 0.020 inch. 
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Vaporization of gasoline. Engine r. p.m. ,1500. Engine temperature, lOO^P, 
Fuel quantity, 0.00025 pound* Discharge-orifice diameter, 0.020 inch. 



